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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a semiconductor light emitting 
device that 

can keep a p-side clad layer at such a thickness that is necessary to 
demonstrate an appropriate optical characteristic. 

SOLUTION: This semiconductor light emitting device uses a nitride-based 
lll-V group compound semiconductor, and is provided with a structure that 
an 

active layer is pinched between an n-side clad layer and a p-side clad layer 
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and a ridge structure formed by selective growth. For example, in a 
semiconductor laser, the p-side clad layer is comprised of an n-type first 
layer 9 that is undoped in sequence from the side of an active layer 7, and 
a 

p-type second layer 12 that a p-type impurity is doped. When the first layer 
9 

is provided on a growth boundary between a ridge 18 and a base layer, or 
an 

undoped or n-type another layer is provided between the first layer 9 and a 
second layer 12, the p-side clad layer is included in the first layer 9 or 
another layer. The first layer 9 is 50 nm or more in thickness. A p-type 
third layer 11 that is more than 50 nm in band gap is inserted as an 
electron 

block layer into the p-type second layer 12. 
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imtmi361 nffl^-y KEkpGI^-yr-'Jlk 

Rati*: y v ammm- 1 „ s«& 1 1 1 -vm 30 

TZtltz P S«DJf fc OHcOffiM** 5 0 n mVlkVh h Z. 

immi 3 7 ] ±mmmt±mpm<r>mt<?>Ei<?) 
E&tfe 0 nmjy±Tj>s^ k£*sak^sf»*JB 1 3 

[ff*JI13 8] JjffiSttJlfc_hIJpStf>Jfk<Diatf> 

ESt# 1 0 0 n mja±-cibi. i t £ ft© k-rsia*« 1 

3 6^«0¥@«£fBI^^. 40 
[tt£«139] ±ESSttJifc_b£pS^kO^ 
ffiJ8#5 0 nmJU±5 0 0 n m£rPC&*£ £#8k 
•tSI9*« 1 3 6 £»0^tt»3iaS*. 

Vmtf 1 0 0 nmJ2LL2 0 0 nrnjilTThtZ k £t#8t 
fc-f SltSSfl 3 6£&Wift?BfcS^. 

[is^« 141] immmizBiti&^pwomtfi. 

?i>& Z k ^^Skl-Sff^JH 1 3 6£3BWSfc$fct 
SFF. 50 
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[19*3114 2] n«g?7«y FJifcpH?7«yKSfc 

Mi>&\ pmmm#Y-rZ1xtZpW<7)mt<rM<r> 
E8#5 0nmfcUi'Cj>'). ±lI*SttJlKftt>iSV>pM 
tf>Jf ^.tUpOU? 9 «y FS«fc 0 A> «y 7tf*Z^ 

pwrnx-bh. mimi 1 1 -vm:&mmm 

±Sitffimfrt>±mpm7 5 -y K*«k 9 Ay K** y T 

tf*z^pmcr>m£TCDj8.m. mm^m^i 

imm 143] isemmffHzym^t-r . mm* 
z>zt mmt-r tmmi 4 2sm<vtm&?£im? 

[0001] 

tixvzvmmmizmu mt. mm&i 1 1 -v 

[0002] 

U-ifk Lt, AlGaln N&k'Og'fcfcm III- 

[0003] z<r>mm& 1 1 1 -vmfc&mmm 
m^^mw^-^k tx. sm.mzx 

V yiSimi:tt&^i*^-'fiJ s 8£ttitiX^& (J. 
Crystal Growth 144(1994)133 £TtfM2 0 0 0-5 
84 61-t^«) . ^0^*1^-- f<rm&*m9£5fi 

7r«5-^-LTpSGaN3yi'^h^ (v^l'ixfcH^ 
-S-f ) . nlAlGaN?77HI10U nfGaN 
3^S«10 2. ?Stt«10 3. plGaNMftil 
0 4fc«fctf pIA 1 G a N? 7 -y HJi 1 0 5 

^itSiOz ffil0 6SrJBl£U ^<0S i O 
2 KlO6<O0r^a57rfcXh7^7«CO^PlO6a^ 
mL5tft. CKOS1O2 Mioe^^x^kfc 
•f-tfD^P 10 6 a<7>a^(CtJ(tS PSA lGaN?77 
K«10 5±tpSA 1 GaN77-/Hll 0 7iJ<klf 
P lGaN3^^Ml0 8 JrHadSSW^S-frT 'J 

[0004] 

[f|HJ#»f^L<J:dk-r&illil] L^t^A 1 ^. 

S i O2 jg 1 0 6 <mu 1 0 6 a(0a^fc*JftS P 
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1 3 

MA 1 GaN??»/ KJ11 0 5±fcpgA 1 GaN?7 
v m 1 0 7 $-SiRj£g$-t*-!> fc # . Til nSSOjfc 
mi: F-ey^fclfl^&h.* nl^ (±fc LT s 

muz t mmwm&tit: o . jayyrat k*- 

pSAlGaN?7»/KJf 10 5fc§S?Jfcg$ 
ftSpSA 1 GaN?57 Fill 0 7i:0#fflfcnSA 
lGaN«10 9*^^$^ Cfl^JitCiOpnp 10 
ffij&r'ffl&fcSfl.TUfc?. £<9*gS, plAlGaN? 
57Hfil05tplAIGaN?77 FJH07fc*> 

»Sp1?77 f« jt^i^gsuwt* L . 

[0 0 0 5] Ur#oT. ^coSfcHJfcflB&Lidfc^S 
fKSfcL pffl^7-yHS<0«3^m»^3te?#tt^#S 

[0006] 

iz. ^cr$ffiicr>mi<?>3fflliZ. nffl^y FJf fcpffl? 

mzx omstifcu vistmtt-th. m{tm& 1 1 

x. pmryvvmvmmm^mizTyv-Tit: 30 
linmcm 1 <m t P&mm 1 v-rztvti pm<om 

2<9Jf fca>£>&D. tfO* %2<mifZ<m2(rmX*) 
Ky F4f> »/T#*£ v^3 coJf . U -y ^ t Tft 

mt vf&Mzmffm 1 osi fciins 1 wmtm 2<r>mt 
mif$>ti?>&&M3mi<7)mi>i<ttz:cr)me)miz% 

mt<?)faizmi<r)mtmLXT>Y-7&tdtnm<m 
cr>mimvt>iitm&iztmi(r)mi>L<iiz\<?)mcom 40 

lz$£il& b 14. 0 »/ TifiJl b fttieJkftififffH 1 <0 
JlifcliSfl 1 (OH i> L < HZ <momcD*tz5E££1i£ 
ti&mSMZfr. 'J -y yfcTJMfc**££BBi0W 1 ^ 
J1<0S5 2 (OJlffloffii £14.1 ?Xfttf>Ji<oSi 2 oJf ffloffi 

^P»iffl<7>Stfr?)lgiIi (TttiB^iB) bmmbcofflco 

mid. vviS£$tiih.mmtz&i>i£^pmm 
bmmbvmnvmzu bt&b. u ^d-cs>s 

bm*&x.&Zbi>X'Z&. 

[0007] zcr)*m#mMm. nswttt sch 50 
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(Separate Confinement Heterostructure) fitia^r^Pt" 

£.-r&*>^ n&?y vvmbmmb<mizTi®fc 
mmmyfoti. pm=y ^mb^mb<m^p 

[0008] p«?77 KJlcD£fc<7)J?£ (i x HRfcti 
5 0 0~6 0 0nmfcfU;f£9£. pM?7 y F«<0p 
ffi^2^)^g?J±HRWt«0 nmi 9*£ < . 5 
5 0 nmmT&SV^i4 5 0 nmJaTC&Stf, ASW 
Cli3 90n mteLt 5 5 0 n mfclT. <t 0 JfcSWfc(44 
0 0nmJJLh5 3 0nmJilTT*S. P«?7-y 
FWOT^K-TWailOJi (£*>*&. n- ££M 
U HdaaiiHRfcpSlfcrlt^Ta^ l i*fg 
JgftV>) ?>?$*4. HRfcttO nmi < . 5 0 0 

nmHTcfcj* 5 . pffl^^ yFSoaaiiwfi«5-ha- 

fcHsa^J;*). #Sfct±5 0nmJ3UL <t 0i5F®fc:{i 
7 0 nmJjLh. mzimtZto9 0 nmJH±fc«Eh.. - 
KISWttt4 0 0 n mOTft S Wi 3 0 0 n mOT 
feS^«2 0 0 nmJJITfcStm. ■Tit^Jtffifc.ktf' 

^SWJi^li. -OOASW^-CJi? 0 n mJJLh 1 3 

0 n mOTTfc •) . Sgt*aflWrWt1i 9 0 n mJJLh 1 

1 0 nm&TfcaJftlS . Z\tlt><r>T> V-7±M±n 

me)mi<7)m&£x/pm0)m2<r)mii. &m*xm 

^rfSffiif® (far fieldpattem.FFP) Kb'tmhtl 

LT«. *lCDfl*Ji^2<0«<7)«?»fct,A 1 GaN 
Srffl^S«^*«^f feiu &8<omb LXii. &2<m 
©TOtUAlGaNSfflW moJi^Hnbtr 
AlGaln^GaN, I nGaN&fc*£ffl^SJ§& 
##tf^&. ^l<o«i>J:^2i0Ji{i5^{c:l^S 

Jl bm 2 a>M b <rM1iZ& \0>mbmLXT> F-T4 
•y y fcT««f:<0jftSIHii»45B 1 U< Ut£«MM> 

mizitttth. 

[ooo9] tt:. nmmm&xvpmxmmtf 
mibti&ms. ztibnmzuHmiz&onmxo 

5 0nm|SlT-C*&. 
[0010] pffl^5 -/ ¥M0r> H-7itlJnS<7) 
mi^tt. ^«f*:|S3^^)lft^{Cpffl«ffi»!>^ 

m g*«sttiaHfcasiws«*»a Lxmm*>g{t& 
mk-thWAx*). imiz\nm^mmbtz>. 
Ammmtz&\rciipa?5v mimzmefFtm 

b^-h. 
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[00 11] pM£7)m2^{C#?trS^3coaJi. - 

mM±A i &xvGa £%tt pm<?>wm& 1 1 1 - 

SAl, Gai-, N (fcfc'U 0<x<l)*»^D. 
U 0. 15^x<l 

[0012]**:, pSOSS2co«OpSTOffl!ji: LX 

mco$tt.m±-tzm&ii>t>it. mmt P «? y -y h io 

E^pS<0SI2WJlic9|SI<0geSttt. m&lZ\±2 0nm 
EUu i OJfSfcJi 5 0 n mfclL jgfcjffjtfctt 1 0 0 
nmKLtfcglfttS. «SSOl8£fc:J:*ltf. Ga 
N{Cfc»tSiE?L<OJ£liSJSHi*«>0. 2 8/xm(28 0n 

m) -e&o. c:^#^r&t. m^hcosis^iw 

£<S< U ?SttJi^)iEfL<oa7J»*^S<-r6Jt«>fc 
li. Se«i:pffl^7>yKl<0pS^2<0«i:<0S<0 

[0013] — 3k pffl^7 -y Kfl«0pMO^2<0fl*» 
fe«ttS^)pM^t!». 0!x.KMg^Jfi3Jc^«lSilUT 20 

[0014] jfcsttfcii. i&&m<mmmzm&t 

ftfc3U I I-V«fl:^iH»^«c|iIn, Gai-, N 
(fcfc'U 0<x<l ) -C* 1 ). lStt«*>#F«£ffij£ 30 
-ttmWmi I I-VBHt#&#3£ftttI n, Ga 
1-, N (fcfc'U 0<y<l**Oy>x) -C*S. 

[00 15] gfcfeisu 1 1 -vmL^mmmi. - 

ttftfctt. Ga. A U I niiJ:rXB*>^SfifJ: OS 
fcf*l*:^*<fct>-Stf>I I USacSt. *J»5r<l:i>N 
%&fcJ:^TjgtAs*fcttP££tfV8OT8S 
fc*^^ 1 ). ftfrW^fSi:. GaN. InN, Al 
N> AlGaN. I nGaN. AlGa I nN*Zb'Tf> 
S. 

[0016] Hfflttfcli. T«H±fcJfc£vX:?#JBJic 40 

ay (Sio 2 )&. gfcyyriy (Si 3 N 4 )JS. 
wat^yay ( S i ON) K&fc'-C&S. SiRj££<0 

TJftiii. mi<DJi-cj>i.,rfci>&&u ®i<oji£j£ 
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ft*. JtftWKJi. Mxtf. g$itf>Jfo_Uf&. W>2<r> 

[0017] zmm<om2cfmmt. nm? y ? m 

b p«?7 >y HJlt^iatcSSttS^li^^^flRifeJ: 

!t*3^i 1 1 -vm^wmmm^ti^m^mM'f 
iza^x. p9»9y yYmtfmmm*t>mizT>v- 
rttttnwnminmtpmfmitfv-TZixtip 

#m i comttttg i <r>mtm2comt(rfflizm 1 oji 
trntxr y v-7&Mtnm<7)m<omimve>iiz>tg> 
sizam i <o« t> l < i±z<7M0>miz$;£ti& ztztt 
mt-tihox-bh. z0>m<7>m2cDmnzte^x 
a. tn&mzKL&mo. micomiizm&Lxwi 

[0018] z<rm%(»%3<?mm±. nm?? ym 

rmfoSMtX 9ffiJ£3*ifc» «y ^«Jt^-rS^«c 
SHafFfcfcwc, pffl^^ yH«^?SttJifll*^lifc: 
T y V-T£ fctt nStf)85 1 CDJf P S>Ftt!|!!l*i K-T 
$ii^paco^2cy)at*^'5. y-yS^fcTWifco 

ififimuw i««* fcumi <7)«t® 2co«twsfc 

mi<oafcSLTTyF-7-i3t«inac7)fficofl*^ft 

^s^fci±»i^Jit,L<«^ofl!i<35flt^ii^ 

[0019] zzx\ z<vmi*mm?i±. m#nz 
tek'cD£o%*m#zm^t:t>co?i>~>xi>£<. rn.it 

lGaAs^^ AlGalnPl^k I nG 
aAsP£¥3|ft. GaInNAs^^f*c^<7)#a 

win -vmft&toxmtti^ z n s e %¥mm:t' 

<r>l I -V IM^WS*. jefcJi^-Vt^K**: 
LTH^B Lti Z b . 

[0020] zcomi(Dm4<mmt. nm??*, m 
t pmtyv mb(miizmmv\±zziximTikiiii 
xfimmt£*)imztifi:v vvtmttu pm 
y «y vm&mmmfri.mizTy ^-rttiitnm.^ 
i <omb pmp&mtt 1 H-rsiut pmm 2<omb& 

•yr*f^v^3<oS2:^rt^. i i-vm 

it^mmmm^ti^^mim^wkijmx'h'y 
x. miwfl^S5*ta. mi<7)m±izm%cnffln 
%zirt&!$.gr?x?mftL-tz>xmb. m^?<?) 
unistfcfts^ i nmuzry F-riMtnmn 

m. ®20>mt5XVm3<r)®t:flL%$ithJMbZ1?r 
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[0021] zcomncom 5 coma, nffl? 7 -/ HI 
t pfig? y v h« t nmzf&emmiz aifitma x 
xmmf$.&tz£ m&ziifi: y vftmmu pm 
7 ■/ vm#mmn*t>mzT> Y-y-tMtnmcom 

yT#*$^m<omt:ftt&. wumxi i i-v& 
x. miomm&z-tt:®. micomi.tm.comn 
mamztmzm i oa±t^2«o«ti xvmscomz 
z>. 

[0022] zcomiom 6 comm. na??-? vm 
tpm?7vvmk comtzmommiz av^mmni 

xmML&zXVBfSLZtLtiVviSimttU pffl? 

i com t pffmft* 5 H-r psosb 2 on t *> 
6**. m.wk\ 1 1 -vgHt^nj^^fflv^ 
cryg&ffizeb -yx.mi <om& 

±tT>H-Tifc«nS<7)Jit5j:tf®2<OJl^)SS3 
[0023] Zcomicr>m7 crymili. nffl? 7 «y KB 
t^^KiOJeiS^ii^y-y^flBiS-^U pffl? 

6*4. OflftXI I I -VM^WSflt^t^ 

mm- hint . i«fiv^^<7)iipa5fe:fc»ts^ioB 

[0024] £0ft9J®&8 <7)%BBIi % nffl? 7 -7 KJf 
fc p«? y v HI bcoffitzftWBMtt 2ix*:8BSfcJ: 
tfgJRj&flfcJ: OMJilt 'J •>/ yUMMTU P ffl? 
7 -y HB^SSttBfil^feJlfcry H-Tj*/dinI5oSg 

i comt pmttWfiY-7%tatpm.cm2<r>mtfr 

m i cornier v Y-r^inmcoma ivm2<?>m 
4. 

[0025] ^^HBflcT)^ 9 OfSHBUL nffl? 7 »/ HJI 
fc pffl? 7 HlfcOffiteiSttStfttS **i£8i§i5 J 
tf^jS^fciOmS^y^mfrWU P ffl7 
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7 H«#iStt®ia*>6)etcry H-ra^ing^n 
1 comt pmppmsw Y-7Ztit:pm.com20)mkfr 
^imftmm^comkjimz'b'ix . sb 1 
js^^-e^s. mo«±^£?)gi§pss£*rfsj££ 

ss 1 comuzm 2 com zmzitzxmt z t 

[0026] Z<r>micr>m4 9 tfflHHKfcV v£ « x 

mwmizu. pmyvYmcom2com1.1z3e.iz. P m 
10 ztyfthmvimistih. z.cowm%A^%9<m 
wizti^xte. ^c^e^fcsu^^RB 1 ). mi-m3co 
mtzmz Lxmmitiz t . 

[0 0 27] zcomico&i ocom»i. nm?yvY 
mt pm y v YmtcofSizfflimtfttz ttvztmts 

ixmmmzX DJBjSSit^y yyfflt^tL, pffl 
9 7 -/ HJf^^ttSfiSA^Mfcr y H-T^ fctt nlW 
IBlcoSi: pm?mstfY-72tiX:pWconi2comt 

i6»6*o. **o. m2com#z\com2com£ t )'*>Y* 
\ yrifi±%\^m3com^^th. mwmi i i-v 

or. ?Stta*>6m3<7)Jii-cwjs^$-. na«t=** 
^i-r. ^S2r±js^t-rs^^yr^x#8Bm+T 

[0028] ZcomicO&l \COWmt. na?yvY 

mt pffl^ y v Ymtcoi3izm&mim2 ztuztms 

£T/mm.MizX')Bi$.2tltiO yiStimZHL. Pffl 
HJi^SttJlffl^^lIKr ^ H-T* fcli nS<0 
IB1 OJlt pS^I«tt*«H-7 > $tlfcpa<0m2OJifc 

*>6*&. mwtem 1 1 -wmit^mmmm^t: 

30 4^fr3fct»1^)Sj&*a-Ci>->T. ?Stt«*^pffl^ 
7-y HJi^l<0Ji^-CcDJfi*5-. H««t**$-^i 

[0029] zcom\<mi2co^mi. nmty^Y 
mtpmyv YmtcoRHzttumvaz zttztms 
xvm&&iz£ yisfflkzmi. m 
mm 1 i-vmft^mmmm^iz^m^mm 
rtztmx. mmt zcommizmv&K P s*« 
wfiY-7t$ix£;pwcombcofacomffi<5 o nm ja± 
40 •e^s^t^^at-tsto-cfti.. 

[oo3o] zcomicomi 2co%mzt$\^x\t. «tt 

Hfc>::<o?Sttlitcfi<,igv^paw«fc^^S«Hi. p 
Scoflt: H-T^n^ pS^ttfljc7)J£i![t«J: SiSttHO 
J: O^WtB&^^II^J: 0 . imUie 0 n 
mULh. X OiBSttt 1 0 0 n mJJLhfc^-S . £«9}Stt 
«fcpS<^«i:<0H<7)!©j|Ji, pS5R«!|*J^lfeat«l:S 

^S^<Wc^<-r&<7)* J ll*L^*i. HRttfcl±500 
nmJaTTfcS. CKOJSttli: pScoafc^igoffiSI 
50 li. HSWtti 5 0 n mtU: 5 0 0 n m&T. «t 0 *S 
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ttfctt 1 0 0 n mjy±2 0 0 n m&TTf>i . fflEMIZ 

fttisv^paosji. mm. pWyvvmxwy 

F^*?7#*£v>pffl«DJrc&9« 

[0031] ^OJMOBl 3<V%mt. nffl?7>yF 

<tr^^£fcJ:9^Sftfcy^*8ljS£3rU ?Stt 

pM<9«fc<oia<Dffi»i#5 0 nmfcLM) 0 . iSttJlfc: 
gt>j£V> P SOJi#pffl77 -y 77 10 

#*£v>pS<o«-r&s. moMi 1 1 -vmfci&i 

tti4^p||?5 7 HJ1J: K^Fir 77^1 v% P 

[0 0 3 2] icO^W)miO~|gl3<0^tCt>V^T 
WLt:ZbtfJi&t&. 

[0 0 3 31 z?>mi0>mi2ii£vmi3comiizi> 20 
m~m inmitmmz.Tyv-rttttnmnm 

*>* 1 1 1 <om\£.m: Lzi&<fi a t 
a. 

[0034] zvymxomio.&imxTfmisco 
mnzt5^xte. 1 ntnnm. miiiiffim*t>coi 

#x#H^£fflv\ fttlffjifctt. tit kHi k<nm& 

[0035] Stem I I I -Vfcfc£!»¥®{Wf £|£ 
&&khW6Lb LXM. mw^ntm^hZbWX 
JiftWKfcL V7t4TW6L. S i Cgfiu S im 40 
GaAsSfiL GaPSS. InPgftu XtT*A- 
*8L B^y:a>S«&fc'«){3*\ JI^GaNB&i: 

[oo36]gfl:!8j^i 1 1 -vm^wmw<r>m: 
WitMmmmmkLxit. mm. m&mtt. 

¥m&% (MOCVD) . J\4 K7-f K5MBXt:?* 

vpe) «t£*j8v*£fc* t ?**. ntnai 1 1 - 
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(MBE) *iffcfliV>4£i: 
[0037] ±3&>X 0 tzm&Z1vkZ<r)9tf9&3t i ~ 

m9omuzj:tiii. pm?7vvmtfmmmfr$>m 
«mrjhmmr 1 fc»4» 1 <omtm2 (nmk<m 

£.m<7)®tmLXT> JtJi n gOffiOJBtfS 

»tfeh.6*£fctt» 1 *> L < «i<0fl!!W«fc^**L 

s i 1 1 J: 0 . y -/ rmkniSLmm 
nmmizititihzktzx'). y y^fcTJMfcojs* 

IWBtfpSl^fflrfcSGS**^) i 3 £ y «y SflfcS 

wsftSffat'i. &%mtzvi—kixm<xMm 
kLMi-izkizx mmmmtfnWfcLxp n 
pffi^^j£3ftsffia#*fiwfc^-fri\ 

iSttJHBA»£>J«fcT y H-7-*fclinSW» l«lip 

m^teffY-r2tit:pm.<Qm2<r)mtfrt>%z>zk 
pS^2^«^w$ ttiksnzmmthz t^-css 

Lxm%mmxm&em&mz>v>iz£m: 

pIB^^-yKB^S^ilftLo'?. IW«EJ^)K 
Bfc=5:Sslfcffi)iOpa«<0ffS^nrig?jHS')SE< LT 

2nmt<»ffimm-wtiz*z<-$-hz\tifix%ht: 
m2nm(0pm*mtovftwaizw®ctz<?)imi 
■ttzttfx*. mj§<?>%tt,m±?z>zbwxz 
i. set. mz. m2<7)m* ( z<om2<7>mi; o**r*e 
vvrwtt^pWjTymsnmttth&Siiz^ z.<r> 
msomizi*). %&miz&Azni>n : HJ t *-'<-7 
n-t&o zma~? h z t vxz s-*. mmmm t 
m#±z<wj:&z<n?&3<r>mbmmb<rm<n'tm 
*&&nzWim-hzbtfx*. ztiizx^xiffimizi. 
izmimsthzbirxz&tiit). is&mcr&itm 

±?Z>ZbtfX$Z>. 

[0 0 38] P ScO|g2c7)»^fc'<7)pa®c^a5 

^«MKas^±#Lr pS<om2<os^if«pS®+« 

m#mm.Lxi>. »vv<m&iizmtv&hW3&± 
mzmfthzbtfxzz. ztumiz. *mwv-<f 

[0039] tit. z<r>momioti£ifmi im. 
mizxnts. mio<Dmnzt$^xitmmfrt>&3co 
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!i-C<oj££$\ mi l^BHfcfci-ycJiiSttia^P 

m v mom icomt -cw&&* . 
oXdizLT^&vT. i nzittsm. mmmm^ 

omit. mtKmtz&SLftk-rz^VTtfzgm 

[0 0 4 0] ZCOmiCDmi2CDmitz2itHf. 
tl£pm<7>mk<?)f3cr)'im#5 0 n m&±Ti>h<7)T. 

t&ZttfTtZ. 

[ 0 o 4 1 ] ifc. z<rmmm l 3C036HJJI;: Jfuf , 

pS««*-cco«s^. nswt*^^^. sat* 

5W. I n££tf«. 0Utf*Stt»&>S> I n^TKSTt 
[0042] 

•t. 

[0043] 01fc*-f iofc. zcomicrmffimiz 
iSGaNjSMt^ttV-lffcisvvctt. cWt7T4T 

sftti^ifflfc. mxmi&mmii mm. ap P i 

iedPhysics Letters vo1.75(1999)pp.196-198) t J: 0 
7GaNA*77ra2t ^^Xt-COTy H— 7"G a N Jf 3 

t^^ro. <i-ioo>*i6jfce?ttsxh7^r 
jW&£3*u zox h =54 rvrrv h-7*g a nm 3& 
atsAfc LTnMGaNriy^^ hm4im&mt LX 

f&MZtiX^h. ZZX\ Z<7>xhy47<rMW>®fr 

0>cM-*yT4TmLi<mm&i>miZivx&') . z 

(VSM-Xli. nMGatiay?? hm4ltZ<7)cWVy 
r^rS«l*^J?v^«Jit:=5roTV^. ZLX. Z 
<0nSGaN3y^;H4±t > nfAlGaN?5 
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»/KJl5. nmmmtLXff)T>Y-r\ nGaN 

%mme. mmryv-ro in, Gai-, n/i 

n, Gai-y N#Ma^#F«it^)?Stt«7. P «3t3* 
LXC07> H-TI nGaN3fcg»Jl8fcJ:tfp 
ffl? 7 "/ VMk LXOT > K-TA 1 G a N ? y »/ HI 
9#«»3813ftTV^. ryK-7-I nGaNJ^ 
TyH-7*I nGaN3l££«Jf SfcitfTVr-'- 
TAlGaN^-yKJfQJil-vfft.kn- ST*£. .1 

10 fcfcti 1 0 i:5V^lRS^S®ef B *^we*|6lJS^) 
££&1 liffi&ZtiX^h. . 
[0044] nmGaLliay??hm4C0±mUfrt>T 
y K-7* A lGaN?57K19 £TOJUi£tti: LT 
0r^liO^-tJg«^*-t&. ^^-ta^ryH-TA 

Si0 2 ®c»£o%&3mi2imi?t>tiX^&. 
«^12O0r£&#(ctt. mK<l-100>^T|6i 
lizm&t&XhjJzWXDfflni 3&Mfgi&tiXm. 
ZLX. £<0g|P13<Dgfl$HcfcVvc. T«<0T>"K- 
20 rAlGaN?77K19±t. Swr^r-'-TA 1 G 
aN?7v r^F-TI nGaNfH. pS 

AlGaNSfrD7?115, pffl^^y VMbLX 
(DpWA 1 G a N/G a Nj@fe^^ 5 y KJf 1 6t> 
pfGaNay^^ Hg 1 7*^llRj£St i 0Ji»«S 

§*t. mm < i - 1 o o > *i6jt®«-s »j ^ ^1 8 

»6li)112^P13<O4Ui0li.tfl. 6Atm-Cfc&. 
^CO'J-y^'18. -T5r*>^k-ifXh7>fTg|HJ. 
I*iea«S<7)^g^^»±«fce»Lft:«Kfi[ 1 0 t5V^ 

30 trBss^satssi^coa^ifiwa^^asi ii:<oia 

<7)fi?aiB®«<7)Ji*tfiaLTV^. TyV-7I nG 
aNB14«n- S-C&S. pffl^^ y FJifc LTp^ 
A 1 GaN/GaNj@tfrf ^5-/ FJil 6Srffl^TV^ 
Oli. hy*;l^fcJ:0iHfL* { ai , 5 Ji H-<-rst*T 

[0045] ZZT. 7yK-rGaNA' 7 7Tf2B 
S$*«0li.«f3Onm-C*S. 7yK-7"GaN13« 
W$*«0lxK2^m-CftS. nlGaN3y?7M4 
(iff$*^^.(f4^m-CJ)*). nS^Jtfet LT^i.tf 
40 y'j3y(Si)A«K-7?iltV^. nlAlGaN 
fJvVmsttBZWItifl. 2umX-$>*). nWPfi 
Wfok LXMiLttS i jBCK-XSii, A 1 ffljfcittifl* 
JfO. 06 5T*S. ryF-7*I nGaN3l^»16 

3 0 n mXh *) % I nmrntlfflllf 
0. 02TJ»5. ^fc. rvF-TIn, G ai -x N/ 

i n, Gai- y mn&?#Fffi3k<?)mmni. mm 

itLWIn, Gai-, WBtftFmkLXOI n y 
Gai-, NJifciJ^SfcaSSil^iO-C. 19 
&Jli:LTtf)In, Gai-. N|»f$)l«7nmTx= 
50 0.0 2. #FmtLX<Dl n, Gai-, NS<0«$*« 
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3. 5nm-Cy = 0. 08. #F8#3r*>S. 
[0046] TVY-71 nGaHWmmS\SMZtf 
0|i.tf3Onm-e*O. I ntMitimWO . 02T 
hh. TyF-7*AlGaN?7yFJ|9li5£#0i;L 

moonmtio, Aimmumuio. 025T 

J>&. TyF-TI nGaNB14»i^3#H;ttf 5n 

m-e&o. i nmammmo. 0 2x-s>h. pIa 

1 G a N«^o ^11 5ttJI$#fl;Uf lOnrat 
*>»). Alfflj£Jtti0|;ttfO. 18T*£. pIAIG 
aN/GaNgJ&i^-yKmett. Wi.fcfff£# 
2. 5nm<oryF-TAl GaNJf £&SJffc U ft 
*tf«3#2. 5nm<0Mg#F-:r3*UtGaNJl£ 
#FJffcU £tl££^fc««U:ffij§£ifrU TO 
<0A 1 iffl«it«Wi.Jf 0 .06. ^floDiPSttflUlf 4 
00nm-CS)S. pSGaNriy^FJf 171±ff§# 
pM^fcfcLTmfcfMg 

#F-7$ft-CV>£. 

[0047] pSGaN3^?Ml 7£H3J:3fc 
Pl!l€ffil 936*. £££1 2±fcffi£LTgJt£>*tTV 
t. £<0P««ffil9fcL PdR. PtKi>«kt^Au|S 
£JT<K«BU:8IJi£*rU PdBL PtEfcitfAu 
K<Off${iWi.tf-etimi 0 nnu 10 0 nmfcitf 
300nmtft6. Mfc. JX^&O^flsi&ad ± O fcft 
*.HW3#2 0 0nm<DSiO2 I&O J: 0 &*6tS& 2 0 

M#mcotzib(?>l>(r>Tt>&. .I<D*giiK2 0tf>3^<D'J 
«yx*18<O±<^)»»fctillP2l3&«ii»t'?»tt-Ct>0. ^ 
<0g!iP21fcpfflmgl9#£fflLTV^. &£ 
K2 0^)d*.^^a5K«S-r5m«»^«flP2 2 
#Rtt&*LT£9, ^<0i^P2 2&afCnSGaN3 
^^h®4tnfl|«fli2 3*«)ltLTV^. ifOnfl 
SS2 314. TilL PtKfciVAu|Si&«»««L 
fc8Bt£*U TiM. Pt«;fc«J:tfAufitf)JP$l±0l 
itf^-PiilOnm. 50nmfcJ:tfl00nmT& 

[0048]&fc. iOSlcoHteJg®fc:J:SGaN^ 

'J--y^fc't:J: 9flK£itaMkL 
^ cifi^7 r 4 TW&L 1 ±t*t9^m^^ffljRS ( M 

ocvd) mtzx oftxtf 5 o ox^s^iarcry h 

-7GaNA.y7TJI2£rifcg$-*fc&. Ht<MOC 
VDffifcJ: OftxBT 1 0 0 OWfSMWgVT > F-T 
GaNJ13£j£fi3-£5. 

[0 04 9] &fc. TyK-TGaNB3<0^Hfc:m 

0Utf£$#lOOnmtf>SiO2 IS(B^f) 
|£U:&. ClCOSiO: WL±tZVV?77 4-lZim 

l^'XFA;y--y£vX?i;UT. «itf7-ylMW>X 
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4 ^chf 3 zt'coy vrnz-ktsx y+yrffzim^ 

fcR I EffifcJ: 0 s i o 2 Jg£x.y^y^U k^-- 

LTmiliR I Efetc «t 9 c WT~7TATWk 1 
^a^SftS^T-xyf-y^ffd. ^corie<ox 

^x-y^-y^fcio-C. gJgSi:^i,Xh7^7Tgttc7) 
Ty F-7G a NJf 3 #9BJii£;h.&. ,I<OXh7^7^ 
*WTy F-TG a Njg 3<9S*tfr|6]ti < 1 - 1 0 0 > 
10 tj^Thh. 

[0 0 50] x^y^vx^fcLTJflvvtsi 
02 jg£xy*y?TSfc£U:&. xVUTm&TV 
F-TG a Nl 3 LXl^Wjlfm^M 
SffifcJ:9naGaNriy^^hB4*j£fi$-frS. £ 
<Ofc £«JfcgiagJi0!;tfcf 1 0 7 o-cfc-rs, 

fc. MOCVDg&Tj:'?. nIAlGaN?7"/Kl 
5. Ty F— n nGaN3fc#«J16. T5"F— 7»G 
ai-, In, N/Gai- y In, N£»f#Ffitje<D 
20 Stt»7. TyF-7*InGaN3l^«yi8i>J:t^Ty 
F-TA 1 GaN?77 FJ19£IIifcfcg$-ti:*. 
[0 0 52] iJCtC. 7*yF-:rAiGaN?7»yFJg9 

mzt'izx wumzvo . 1 umos i o 2 m>x 
^-y^x^tLT. Wi«7-yi^<Dx-yf-y^?s 

^fflV^X-yFX.yf-y^ *Jt«. CF4 ^CHF 
30 3 ^t'<07 »y*^tfX»yf-y^X^ffl^fcR I 
fc J: OttlilS 1 2 £x y f-y^L . IBP 1 3 

^I3P1 3^^TtS«^Rl 2i&j£^-7X 

^tLT. mumocvDmzx*). m^ryv-r 

AlGaN^77Hl9. nGaNSl 
4. plAlGaNtf/n.^ll5 < pffl^^yF 
f&k LT<D plAlGa N/G a N®&T^ 7 -y F® 1 
6fcJ:tXpaGaN3y^^ F« 1 7ZmKS&SSi&2 
p!AlGaN/GaNi@8f?7'!'H 

mi smm.mt. mmi 2±iztsm^gL^txm 
40 mmjw&j&t %^tim&x'&±'tz> x o t-tz . 

[0053] Ztit><r)G a Ni^#i«g<r)^iaS(i. 

MHf. nlAlGaN?77Hi5«9 0 0~10 0 
OX:. ryF-TI nGaN3tS»16, }£ttJ17. T 
yF-TI nGaN^^S8. 7VK-7A 1 GaN 
^7-yFB9. ryF-TI nGaN«14t>«tl/pa 
AlGaNif/n-y^Il 5I47 8 0T:. pMA 1 G 
aN/GaNjg^^v y Fll 6t$ ilXpMGaNn 

y^^Mi7{i9oo~iooox:t-ts. 

[0 054] ZtLH>(OGaiN^mim^mmt. 
50 Ga^t L-CliFy^^/^'J^A ( (C 
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H 3 )3 Ga, TMG) . AlffymtLXtehV** 
/l/T^S-^A ( (CHa ) 3 A 1 , TMA) . I Tiff) 
JSS.fcLT«hU^f-;My^A ( (CHs ) 3 I 
n. TMI)^ nff)WmtLX\tnW3 £18^6. F 
-nybtzo^Xte. xim.Y-nyytLX\mt\£^ 
yy ( S i Hi ) Sr. pSF-^Vht LTtefltttft* 
x=*W l s9u^y?i;x.-Ar?y* : i,*jh. ( (CH 
3 c 5 H4 )2 Mg) J>sv^ih"x=v^o^.y^> ? x 

-fl^msVM. ( (Cs Hs )? Mg) 
[0055] Jlft^GaN&^frJf<7)jfcglS 
<D*^yT#X#HSU:LTHL niGaN3y??h 
Jl4fc«]:tfnISA 1 GaN?5-yFJl5ttN2 fcHz t 
tf>££#X. rVK-ri nGaN31^yi6*>^pffi 
AlGaNifr07^11 5^-CttNi #X#ffl$U 
pSAlGa N/G a Nj8t&? 7 7 >y FJf 1 6 fc J: P 
SGaN3y^^b^l7(iNj fclh fc<7)S£#X£ 
fflV^S. T>-K-rinGaN3l^yi6*> 
t.plA 1 GaNtfyn^^Sl 5£-Ctf>jfcSTli* 

X#ffl5lfcH2 36%*^VV5-e. T^F-TInGa 
N^tmme. m&M7. T>V-TI nGaN^ 
mSHir/7>Y-y\ nGaNlHMl nVWR. 

■ti>ff>zwz.hzbtfT$. ziit,ff>mff>£tt.m±-t 

ZZttfTZh. ifc. pSAlGaN/GaNglS^ 
9yv FBI 6t>£lfpWLGa.Nay?7 h@l 7ff)fii 

XT&M:lS*thZt1fiX%i>. 

[oo5 6ii)ct. mmi.o(izLXG&nmmwm 
tfrnz-tt: cm?? r a rms. i £ MocvD3ig*» 

^JROfB-r. *LT. y^'18*>J:tf*g»|gl2<D£ 

[0057] »ck. piamai9<^iBfc:0!xarcvD 

$#0. 1 vmff)S iO: I (HS^*) ifB&Lfc 
ft. ClOSiOj WLUzwryyj-tziVtV&ff) 

wmzftKLtttzmstffyvisxvw-y (w&t 

tffiSLL. ZffiUiSXh'W-yt-TXftLX. 

mttiyvmz&^/i-yrmmvz^y fx??- 
*jtw. cf4 ^chfs %zff)7 vmmtix. 

•y^-y^XSrfflV^R I EmzX *) S i Os KfcXy 

i O2 §t£-?X? i: LTWi. R I E&fc«fc 0 nlG a 
Nny^Fmt^S^-cxyf-y^fcfr^. r« 
r 1 Effxuvl-yftixk LXiffltKmmJ&tfxZm 
iOX-yf-^fciOx nIGaN3^?M 
40)Ulgp\ nlAlGaN?77Hl5. TV F— 7* 
I nGaNftgftif 6. iSttif 7, T>F-TI nGa 
N3^»H8. T^F-TA lGaN:?5<yF«9. & 
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tmi 2fc«ktfpffiim&l 

[0058] X.yf^m^tLtfflUtSi 
O2 ^x^fy^Lti. S«^fflfcW^.KCV 

Di£. K^aetiS. x^-y * y yyw&k'dzX 0 s i o 
2 liwj:p$tf^2 0£dasrtl>. 
[00 59] ifcfc. UV^^-fciO, nflWWSB 
fi£S«£lfc^fc#itSO*eg)gi 2 0 ffMMZm oWJXY 
*9-y (H^i-f) *%m-h. ifcfc. Zff)WJxY 
10 ^-^VX^tLT«SgJS2 0 5rX-xf-y^t-SC: 
fcfciO. i!P2 2£jft£rs„ 
[0060] iKfc. iv^'XF^-V^LfctiOtt 
!TeS«£ffifc0!;ltf S^*i£K J: 0 T i P t R 
fcitfAu|g£^fcgj£U:gL Vi/XVW-y**: 
<9±fcJft£$*i*:Ti|g, PtJgfcJ:tfAuJgi:i:i>fc 
Bfefc^S (U7F^7) . ^ftfcJ^T. «M£I£2 0?> 
Sn22JIttnIGaN3y??H4t3^7 
FLfcnffl«ffi2 3*^«SftS. iKfc:. nfflKS2 3 

20 [0061] att. yy^77^~fcj:0. y^'is 
w±a5oifi^)pfflssi 9 ^saj-rsup w 
^FK^-y (0^a-f ) ace. 

Vx w-y*-?x? t ixtmm2 o 5-xyf-y^ 

-rSittiOIIP2 1^fi£L. ^HP2 1<^I5^ 
t:pfi!Sfil9^saj?^. 
[0062] ZffM. ±Mff)Xo^LXl—iFtmim 

f&.ztuzm&sm&}nz£ w-vuzULLxmm 

30 ^S. OhtiO. BWfc-rsy yv«jttJJ:^SCH 

Hisfc^rts g a N^t^«ci^— if immztiz . 

[0 0 6 3] CKOGaN^l^ftlx— *ftt>V^T. TV 
K-7AlGaN^7"/l ! i9tplA 1 GaN/Ga 
NSt&i 1 ^ 5 »/ F^ 1 6fc3&»fe^rS pffl^ 7 -y FB+<0 

ry F-r a iGaN^7»/FB9 ff>m% t $r^fl:$ 
•e. *ff)t*cr®imE&xv*-i'yr$tt&*'m 
tMzmttft. ^i?:^77fl:Lfc<><os- 

04i>J:tfH5fc^i\ ii-C. BfWEtt2 5X:-C3t 
ai^SOmW^t^COtOTAS. X-J/y^ft* 
40 ti. 6 0 , CC3tai** I 3 0mW(^)t^«t<?DT'J.S^ 
x-v>^^Bi&ttft{i»^«^ I orff>Jjmm^K 
10~10 0^ST<OIop±#$SrfflV^. t!^c7) 

IW^«S[Iop«5 5mAtt^. T^K-TAlGaN 
7 7 »/ F« 9 <9ifcgit{;8a#<7) 1 Qc mSS. pSA 1 
G a N/G a Ng^:? 5 »/ FS 1 6<7)Ji^!n;{i 2Qc 
mgJSTfcS. ^fc. iygSg^«6 0 0^m (0. 0 6 
cm) % y >y^*18«lHil. 6jum. pUfyyVM 
ff>mr>mi£\S.5 0 0 nm t Lit. 
[0064] 

50 
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t(nm) ®ms.(v) x-i?>y%{m 
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00 
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0. 
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80 
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[0 0 6 51V**, 3 OmW ( 2 5t;) TCffltmBiZ 

5 vartm$. l < . x.-isyrg{tmi*. 50001$ 
ttt. mi. m4ts£xm5x*). ztit>(ng&-*m 

fc-*fc*>fctt. T> F-TA 1 GaN?77 YM90)W- 
$ £ 5 0 n mVXtlZi-l^W^hl^ b . i 

fc. TyK-TAlGaN^7-/K«9<0«$i&J:»)* 

[0066] ckd^ 1 emmmz xtm. arcox 0 
•y vmwmmim^mtzmzvmiti 1 0 5 nm<o 

T> F-TA lGaN^7"/Hi9 *>mif 4 0 
Onm(OpIAlGaN/GaNj@6f^77K112 

i y y ^'1 8fcTJft)f fctf»ft6#B*<n- 

m<T)T y F-7* A 1 G a N 7 5 -y FJf 9 CI t 

izX 0 . 'J -y ^'fcT«!Si:<0«S*ffi*«pS«^iiiT 
fcSfitfSBtt&Oj: dfc'J «y ^'Sr^S^fciJ: OJftfc-rS 

m&*mn&f&L%\>\ ^fc*>, Pii^-yFJiri: 

dOJ:5t:pli^7-y hW^F- 
7AlGaN^77Kl9tpSAlGaN/GaNiB 
m-? y y F* 1 6 1 a^&SOT. -e^iWfttJtJHS 
*fg^plA 1 G a N/G a N@8^^ 5 -/ FJf 1 6 CO 
J¥3£>J>S<-fSC:i:#-e§l>£ifc«l:'3, pffl^-y 
FBO£ft£-Ht*>CO£fh7)J¥$£9pSA 1 GaN/G 
a Nfite?? 7 >y HJI 1 6 TMMLfc^Kit^T . G 
aNS^«cl/-ifOiM^m5$r0|i.Hr»«>O. 16Vfc 

pffl:?5»/F)f<0£fl«0 
J5$tti&5 0 0nm$>9. +#*£^*:tf>. pffltfWfcD 



^pffl^7 -yHJlOJf$^i||RLoo. mfm&.<r>±M 
20 COJMBfc&oT^&iSltffl^OpMAlGaN/GaN 
Ste? ^ 7 «y HJB 1 6 <7)JI£ £*> 1 0 0 nm t>«*k$-fr 

[0067] *SttJl7i:Mg#F-7-$*l*:pS 
Ji, ■f%b*>pmA 1 GaNff/07?115, pS 
A 1 GaN/GaNjetfr? ?7-y HJB 1 6i>«fctfpSG 
a N 3 > * ? FJf 1 7 b<Offlrteffli. T> K— T I n 
GaN3K£»J!8. TJ'F-TA lGaN?5 yFJI9 
fcil/TyH-TI nGaNll 4<0^H"<0J5$. Mi 
tt30nm+100nm+5nm=135nmt>ftSfc 
30 «>. te B B Bl«^4^x-^^yj:fc-KtJv^TpSil*W 
M gtfiSttJf 7 fcJ£tW&c0^5&*Wfc:fi«II^S C bifi 

Mitth <r 1 #-c£ . g a nj^mwu— f<vz.-*jy 
fgitrnztem-hzbifivz. mm.akvm± <o 

[0 0 68] ttl. JSttJf 7i:Mg#F-T$*lfc P S! 
Jft<0Sfct&?SJir*l.ryH-TA 1 GaN?57 

40 g{ttxvm!tt}i=ffi±-t&z.bwx'Z&. 

[00 69] MgtfF-TSilfcpSJIJiHKl;: 

tub. P mm&iffim7K>n&izh?>bmtiRm.aw 

mXthtf. ±3&)£d£mm7b P WMbtel3 5 
nmttt^TV^fe*. Stt®7«0tti£Oa^+7>{Cfi 

50 F-T3fi7tpSB*^Scy)^v^SttJl7c7)ftiS*^ 
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±&<7>£diz+ft£miX^lt:it>. 3fcfc«kSiSttB7 
<r>tt&<7>tti&cD${k/&ktiz « > Ga N&¥*SfcL— 

[0070] Alfflj£it#0. 18fc*#^pg 
AlGaNtf/D7?il 5kInGaNlK^ 

T L# v>«m« I tb c: fc *s-C# S fc fc 1) fc. 

[0071] TyV—TA 1 GaN?77 KB9 
tplA 1 GaNlfyDy^Il 1 fc<0lSfciSttB7 
fcf^gSafllSr^UvryK-TI nGaNll4*« 
&Vt>tlX^&tllb. *SflB7fc pIA 1 GaNS^ 
a-y:?Bl 5*>±tfpSA 1 GaN/GaNj@tS^^7 
•/ KB 1 6 fc^fc*S3r»75aft£a'*oT . -Ift 
t«plA 1 GaNf?/D7?ll 5t>J:lfpMA 1 
G a N/G a NS*&?^ 7 -/ KB 1 6 i 0?SttB 7 fc 
4itSM£iSRtf-£<:fc#T££. GaNI 

v^isithS-fiai-s^fc^-c^sfcfctfc. xn- 
;^oi»i±$-0S.rfc#-ess. 

[0072] ±a<0L^vv««JSlti,<^©SfcJ: 
0. GaNm¥a«*cW-r^8t#mS<0|tiLhSraS^t 

[ 0 0 7 3 ] 4fc. ?SttB7 K^A$tL^«WffittB 

7 *a oarer v f-ta 1 g a n ? ^ v kb 9 

StTSfc. rVK-n nGaN3fcg»B8fc,r<7>ry 
K-T A lGaN^77 KB 9 fc <Vffimm&<ryx.*fr 
*-£AEc (03) ±»)*&&X*^-£Jtom^ 
(i. <T V K-TA lGaN?77K!9 *Sx 

ssfcAEc wm^tvz-imT-rh. ae 

c £Q*^uuM^L;Mt->'CtvfriiB7tt. ry 
K-TA lGaN?57 KB 9 ZmVmihZtWT* 

fcfc£&. ZOXotZ. T^K-TAl GaN^77K 
B 9 iSx <k d fc tJlfW-M^-W^ 
■TSvlfcfciO. G a N&^frl^-if <?DXn-T2» 
OlSLtS-g&^fcAT^S. GaN&^fcW— 

fSClfctf-C;^ GaN&¥3M*P— f<mi^L<^& 

fctf-C^S. 

[0074] ttz. U-yvl8coa^fc*SpSBJi^ 
•CiOU yxlSOrtafcJRi^TV^O-C. GaN| 

«5fcSh.aiSSa[&ffi«)T^=5r< »i S <L fc 



(16) ^2003-243772 

30 

£. -TO*:*. GaNS^|*V~ f<vmm.Tt i 

biM&Xbt. Uttttfcte. #tt«agTo £flli.(f 2 
3 0Kggfc. (&|WG a N^g#P--f cDlfttfig 
To fcJt^T»9 0Kt^<-fSifc*fnrigT*S. £ 

w2 3 0Kgjstv^^ttajgTo \t. womwk?)* 
mw\s-<rt\m.Lxi>. ztitxmmiivfrfr^t: 
mL<7S\.mx'&&. set. 

^5r^Xn-7^fcoi>Tt>. u«GaNi^«: 
10 V— fii. (sa^GaNS^fr^— Tfclk^T*^:0 
*S<1-££fca*irfgT*£. 
[ 0 0 7 5 ] &tz. Vvi?l 8<OHK<7)S^fct5ttl.S5 
ttB 7 fc r y K-TA I G a N? y -/ KB 9 Oflffi (|g 
8B1 2fcryK-TAlGaN?7>yKB9fc<7>& 
ffi) fc«BIOffifiHiGaN*^tt:^-if<03l^ftt. 

iftfc y v v 1 8<vmiztivzwjmmmm&& nt» 

iOfc^trtStf 5 . Z<WmSt£&S$.££3: OStSJK 

20 <. L^oTGaN^^^-lfOSjt^SiOO 
|Sj±£B6rfc#-C£5. 

[0076] Jgfc. U -/y'6til6g]Sl 20IBP 1 3tf> 
(ifciO^^tlSti^. i£0lHP13«06<0*!l1iP« 
ffitUgl 2<0»>x»/ Kx-y^-y^fc'fcJ: OfitgjIK U 
*»t>^fcffp«!:fc* s 'C^Sii:*^. RIE^rfc'OK 
7-fx-/^y^fcJ: 0 U >y^»j£-rs^fclt^T4 

[0077] plAlGaNffrQ7?ll 5 

30 fctJ(tSiE?L^Sttfl:x^^-tt^v^». SSTJi 

SJJiflESl^SStt^UTpffiA 1 GaN«^yn»/^B 

<r>G a N^^«sV-1f fciJV^TJi, U -/ i^OPIK^) 

SsSiSfia^v^, ±^S*«a^.fc<*»->yit,<o 

fcltaH-S^t^T^S. CitfcWL. ^©GaN»* 
§«cV— *f fc iixJf . ±5*W x o fc y ¥ 1 8^)S^ 
omSE«h.** { ffi«>r^v^ fc fc J: 0 . p SA 1 G a 
N€?rn y ?B 1 5 <7>S^ 7a y ^ y ^SJ±© < , 

40 as. saj^ra^fcfc^Ttm^^-^'-^o-s- 
w«fci»jh-r * fc s . 
[0078] ZK. ±M#)£ o izmimsmnmhM 

m8iitb<7)mzmt>ztwx'Z, WEm.ro m 

±.m&Z\ttfX-$&tti>lZ. iSS-CiffljfSWOGa 
N^#*U-lf *W%tZ> Z fc #T'£ S . 
[0079] ±j&)iolzmm.To rtgU* 

|6)±fc«t 0 . vvbi9>6 K;i--7lte^i&#-rs ; fc^T 
^s. r<oK;p-r^tttt. yh-Aryy^^fc* 

50 tOTtjgifcGaNm^ftU-r^Sffl^SitWSr^- 
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axh-9Z&<Wx.hZtWX'$&t:tf>. viW-V- 
AW-if^t'^JSfflfct, » I/O* . 
[0080] pffl?7>yKl<D-aS£7yF-7- 
AlGaN?7^K/f9fcJ:»)ffij£LO*rt:«>, iStt 

pSJfCfct veggie*: h 5 ?T$ivC#»3fcBi£ 

[ 0 0 8 1 ] Ifcfc, ±a^XO-7^Wl6l±tag«f 

[0082] Igfc. T^K-7InGaN3K^SUf6*> 
f)PlAlGa NS^O -y ? Jf 1 1 i TCDfS&Titt 

nmm-tnzwttztvx*. *0£{tm±t 

[0 0 83] h±jcj:»k mm&nxx/L^ymmss. 
siMNWicp-ir^ieKtiik*^*. .r wis icon 

x*>t. 

[oo84]<jctc. zvmi<r>m2crmffim££z>G 
v—fizn^xit. mi<rmmmizxiGaNmm 

ftW-lftCteftST^ K— 7 A 1 G a N ? 5 -y KJf 9<0 
ftfrOfc. 7"yK-rAlGaN/GaN®»&?:?^-y 
KJ|2 4;MRft6*l?V*&. ZZX\ Zff)T>V-7A 
1 G a N/G a Njtififip? 7 <y KB 2 4 li. tot J¥S 
#2. SnmOT^K-TAlGaNJlfclSaJlfcU 
0*i.fcfff$#2. 5nm<DGaNJf£#FJli:U £fl 
££^fc«lL*:tiij§£WU ¥%OA 1 ffljfcJtliW 

i.aro. o2 5~o. io. SMwrnzitmHii oo 

~5 0 0nmT**S. ^^)fl!l<Ofi!)SJi. SI 1 OfUtfBS 

izx&GaNmm^-^tmmxs>tff)x. mmt 
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tttfft. ZCDGa. N&mftU—fcrmmiTWi. % 

i (ommmtz x t g a Namste^-^mfiris t 

[0085] zn^ommmizSitiif. pm??-? 
vmnotynTyF-rmtfTy k-ta i gbn/g 

a N@&^^ 5 «y KJf 2 4 £ i 9fl&£$*VC V*<0T. 

pfiWffii 9ffl*^aA$n-ci<oryH-rA 1 Ga 

N/G a Ng*&?? 7 -/ KJf 2 4 {C?MUcjE7Lli^<7) 
T > K— TA 1 G a N/G a Nfife^ ? y >y KJI 2 4 £ 

N^#«cv-irco»ff«fficoj: o-mm.mmhz 

ttfXZh. T^K-7-AlGaN/GaNj@S 
9 y v KJ1 2 4 izft&t&^nmk X *) . pSI 
+^)Mg*»'«tt®7t:ffiiJrt&o$r«fc O&HWfcB&jfc-r 
S<ri:#TS. ffittS7^^J:0^*WfcHiih-r5 

[0086] <Kfc. iO%BHcom3«0»egSfcJ:&G 

»stj:SGaN^f^«cix-if(i. mmumiff) 
mmmtz x sea N^#fti^— r t HS^ffijt^w 

fS**. rVH-n nGaN3teSSB8fcJ:7/pMA 
1 G a N/G a Nj®|&?-? 5 -y KJI 1 6 <0ff 1 <*> 
HW^BfciSGaN^^^— fft»5rl,. M*« 
mi<oiaeBSt:J:l,GaN^|^(|cw— ffcfc 
^T»i. TyK-7-I nGaN3fe^»[Ji8<OJl?Ji0li. 
Jf3 0nm. pSA 1 GaN/GaNSfif?7y KJB 
16<OJf3«0!t»f4OOnmTA&<7)fcML. 
30 3<OHM9B@k:J:SGaN^¥^«cV— rtfcv^TJi. 
ryK-TI nGaN3t#«>i8<Oif$li0!ttf24. 
5nm. pSAlGaN/GaNjBfSi^ yKJiie 

<Dma\mni5oonmx$>h. *<mwffitfuz. m 
i mmmizx &Ga N^f^*i^-if fc ^a-c& 

5. ifcfc. ^<0GaN^|^fr^-ifc^t^«. m 
1 ^US»®t J: h G a N^^ftl^— !f£7)SBi*at 

[0087] ^«®3^IMggSfc:J:n»^ Sl^HSfe 

40 [oos8id:£. zcom&^vmimBizx&G 

aN%m$#\'--fiZ'?\,'>XWffl-t&. @7{iClcr)Ga 
N*¥#ftU-lfOX*;^-yN>K. ^ft-E-<0^^ 
07fc^-J:pfc:. i«om40Hte^SfcJ:S 

GaN^Htl,- ffctJUTii. plAlGaN/G 
a Nj@fS?^ 7 7K116>ffcplAlGa N«^yo 

•y?jf 1 5imtt>tix»h. tth*>. tsi<mm 

BiZihGaNmrn^— fKiJVvCtt. pMA 1 G 
a Nffra »/9fBl 5(4T^K— 7*1 nGaNll4 
fc pSA 1 G a N/G a N ^ 5 >y KH 1 6 fc <m 
50 fflfc^t^ixTV^cOfc^L. ^<0m4<7)HJl^lltJ: 
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h G a N&¥g*W~ f fcfcV vt li. pfAlGaNf 
f/D7?ll 5liplAlGaN/GaNg|Sf?7 
•y KJf 1 6+ tT> K-T InGaNll At^MtlX 
mft>tlX^&. dT\ 7yH-7AlGaN75y 
H« 9 fc pSA 1 G a T'P y ? J| 1 5 fc <9|gt# 
pIAIGa N/G a Nj@f&?:? 7 >y Kll 6 tf) 

mzitmm 1 o~5 0 nmsrc*s. 
nmtmmxh^x. mm$<m-t&. :»S4<^ 

[0 0891&K. z.<^m<n^5cnmmWzi.hG 

gJRftfifc i VB&Ztlfi: V y ^filjifc itf S C H 
fitit*^** 5 . «8tfcLTnSGaNS1S£JflVvO* 

[OO9O]08fc^-J:dfc. Cl<0$65OSiiSg!B(C 

<0nSGaNfflS2 5JitC. nS^ttfci: LtmifS 
i^F-T^tUtnffiGaNB2 6*«/N' y7r« (ffiS 
jfcJ^JSAy^rJlfcttll**) fcLT^t*»*U * 
<D±fc. nSAlGaN?7 7HI5, nfflBfc^ftJli: 

L-c^rvK-ri nG<xny&mmt>. mifryn 

-r©In. Gai-,N/In, Gai-, N£a*?# 
F8Bttf>iStt«7. pffl3^«SttT<OTyK-7-I 
n G a Nffiimm 833 XVp =7 v VJBt LXOT > 

H-r a iGaN?77 m9iffidmmztix\*& . 

[0091J7yF-7AlGaN?77F19it 
it. J&gvx7-ej>l>0!;t(f s i OiKcDid^rlfiSlg 

1 2imvt>ixx^?>. zwtmmi 2?)m%3MHz 
a. mm < 1 - 1 0 0 > -Kfonm&th*. v n r« 

OgilPl 3#9ftit£iVC^&. -ei/c. COlfJPl 3<0 
g&JBcfcWC, Tffi^T^K-7-A 1 GaN?77 KJf 
9±tZ. SUT^F-TAl GaN^77 K«9. TV 
H-7InGaN114. plAlGaNtf/Oy? 
J115. Pi?7 7 Kit LTWpIA 1 GaN/Ga 
Ni@J&?^7>y HJil 6i>J:t;pIGaN3y?? hJf 
1 7#3iRi£gfc:J; OIRKRVSii. Hi.tr < l - 1 0 

[0092] pSGaNny^Ml 7£gd<fc3fc: 
pfflSffil 9#. |fe8Rl 2±«HELTR*tfeHT^ 
S.-^ nSGaNg«2 5e«Hfc:nflgeg2 3# 

[0093] ^^5OHM0gSlfc:«l:SGaN^ 
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fenSGaN»R2 5±fc:MOCVDftfcJ:')naAl 
GaN?77Hi5. TyF-TI nGaNftSSyf 
6. 7VK-7WGai- I I n, N/Gai-, I n 7 N 
$>mMT#Ptm<?>m&m 7 . nGaNft 
mma&iVTyF-TA lGaN?57K|9JI 

[0 0 94] T>K-TA lGaN?7yKS9 
<^fflfcJfeSlSl 2£jgj£U:&. X y^y^fcJ:0C: 
<0*feSKl 2tcg!§Pl 3£®j£-T&. <fcfc. ^<7)I3P1 
10 3^-rSJfi»ISl 2 Z\S3&X? t LX. mttMO 
CVDfttiO. &VV7*yK-TA lGaN?77KI 
9. ryH-TI nGaN114. pSA 1 GaNfTP 
7"n-y:?Jf 1 5. pffl?7-yKJftl/Ctf)pSAlGa 
N/GaNj@*&??? »y KB 1 6i3«k^pMGaNri>' 

h®l 7£IT<fcSiRjfcifc3-fr&. 
[0095] ifcfc. JJ&aJofcLTGaNaMttl 
£ JfcgS-ttfc c ffi^7 r 4 TffiS 1JMOC V Dgg*> 

^.sxoai-r. zlx. v-?i;is)5£xfimwii2o>£ 

BDfcpffl«ffil9£JBj£rS. ifcfc. n£GaNM2 
20 50gfflfcnfflRffi2 3 

[0 09 6] J^coidfcLTV— r«Jt*gg 

i-S . J&Lh&J: 0 . B Wfc-TS U y ^'flBSls i(XS c H 
ABS$:^rr*GaNS^«cP— fjipiSSSiiS. CO 
G a N^»^«c^-if «^S^ftO±IBJa7l-Oi tm 

lmmmtmx&h. 

[0097] C(0fg5 <0H*»g®fe:J: tlK % ^ 1 
30 J^ifcKa7j:iH^i^SC:t*«'C#S«*\ Wi.tfGa 
As^t^^-^fcH®fc:. pfflWffil9t>itXn« 

SBSfc-rSCfc^^SCfctiO. GaAsM 

xmwzm\-t&mtfi%< . -e<o*^to a N^t^ 

■rSCfc^-C^^ mtio-CfcGaNiS^flcl^ 

[0098] uLt. c vmi<mimmiz^xMmi 
[0099] mm „ ±a«^ 1 ~^5«nii0gst:fc 

v^TW-tScM. flBi. rn-bx=5r 

tcmm.. mm. ms.. mm. m-txtczm 
50 [0100] mmw*. mm. i&m i~^5« 
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ztitmmftzmizL. ms±tzmtzpwat: 
[oioi] ±5&)& i^mscvmffimtti^ 

Wi6to£Vpm3mmtLX<r>T>Y-7l nGa 

nmws&\m^\zm-j&&x'hhii i . ztit><?>7> 

nGaLN^mmeHiX/Ty^-TI nGa 

0. S^KH&oTWCkJ:^ 0ttti*Ty K-7 1 n 
GaN5KS»«8<OI nmsS&TyY-7l nGaNft 

mmex^< txi>£\,\ sttt. mizKix. 
nmmtm&tvpmmmmmt i-cinGa 
Ntm%hWi&<oi><7). mmGamm^xtiw 
[oio2] iw)mi-m4<7mmmiza^ 

X. SiCgfcL SiSSL ^^l^fi^t'^fflV^T 
t>iV\ *3t. GaNAy7r«<^ftb0t. A1NA 
•y7rJB^A 1 GaNA-y^TJUrffiVVCki^. 

[0103] tt:. i&Dmi-msnmmmizti^ 

TIA. zmPM S C Hfi|@tf>G a N3M^ttP-1f 
tf. DH (Double Heterostructure) fijJS^GaN^ 

[0104] jet, _Bfc7)8l 1 ~&5tf>SQftg»Sfc:fc^ 
T«. pSAlGaN/GaNj@l&??5-y KJIl 2tC 
fcWC. AlGaNlfc{iMg£K-7LTVvfcl,^ 

^fcJStT. £<OAlGaNJffciMgiS:,K-:rLT 
i«fc<. GaNEfc«Mg£K-Ti*-f. A 

1 G a NJffcO*M g £ K-T Lr &J:V>. 

[0105] 

« ns^sB i <oi t pm^mttfi v-yzivfrpmom 

C0«*^J±® l«0Jffc!g2tf>«fc<9iafc:SB 1 Wit &L 
^l«0flfcL<li^coffi«Oltc#iiiS^i:fc:J: 1 ?. l£ 
*@Wfc#tti^f. LfctfoT p«7 5 -y KJi^frcott 

h, ttz. zoxoizpmry yFmtfmmmfrhm 
tzr> K-r*fcttns<om i omt pm*m»&F- 
7*tit:pm<r>m2comtfre>%z>zkizx*). 
mg?£ftLx&ffirt%inx 

h<r)\,zm&pM J v KJloe? Loo. »ft 
mE±#<0SBfc ^SilJtffilfoOpSJf <0JS S £*Tf&5r 
R9*< LT^fcf^^iMP|E<o^£B*.r 
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i*»"C£S. ffittSt^2<0li:<^O!BS^+ 

4Hz±$<i-&zttfxz m2<om<?)pm?m 
wfimm<izm.mtxmm<r)gtt.mfcth z t 
vx-zz. mz. %2<m^<r)%2<m^t^ 
>v** -/r**^v>pS^3<ois-^rrs^{c 
ti. zm3comiz**)^ mmiz&xzti&mTm 

[0106] ttc. U »/ ^*<OS8^<7)pSUi^T V y V 

^mmt^x^hztizx*) % ^mfr^tm^m 
io m£^zix&wfcij ( vvi;<r)9mizmixiiii><7>m 
gmtzwizzttfT*. ztuziixmuzit't.xm 

[ o i o 7 ] tt:. in ittsm*%xtfHfe<?>m<?>$& 

20 bWX%h. 

[o i 08] tti. ft&mtzcnmmiz&i>%).K p 
m^mm v-y ztit: pmomtowmetf 5 o n 

mO±.Xf>^X. ^p^JIKK-T^fUtp^F 

immcofsmMmi 

[Hi i zcominmiwmmf&kx&GaNmm 
30 [02] z<r>minmi<?mimmiz£ZGANmm 
[033 ze>m&m<Dmffi&££ZGaumm 
[04] z<r>?&mfHi(rmmmizxhGaLNmm 
c i s«rf^«Ec^^^^n««i0c*s . 

[05] ^Offfla^l<7)||MS»<SfcJ:SGaN^S 

frw— rfcijft^ Pffl^ 7 «y Hiwr y v-rmcomz 
izx hx.-=;yy%fam<ni^*9ktwmxbh . 
40 [06] zc^m>%2<7mmwszi:hGainmm 
m^-^^v^-^y Mmz^iummxh i . 
[07] z<r>mcom4<7)mmBtzxiGaLNmm 

[08] ^ <omi<?>m 5 msmrnsz a i, g a n mm 
ftp— f tTFrtwffimxbh . 
[09 1 MUR&Mizt. o »j ^ mmmf£tim&>G 

[0io] ®Rjs^t«t o y v 

G a N^|^«cP-if WmSj4i^ilWS^«XOBfffi0 
50 T'^S. 
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1 • • ■ cffllf7r^TS«. 4 • • • nSGaNsy 
??bJf. 5 ■ • • nlAlGaN^vKS. 6 ■ • 

• 7>F-TI nGaNftggyg. 7- ■ • SttB. 8 

• • • nGaNftg^yi. 9 ■ ■ 

—7* A lGaN^77 KJIL 12 - ■ Jg»BL 13- 

• IBP. 14- • •7>'K-rinGaNl < 15- 
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• • pSA 1 GaNff/ny^l. 1 6 • • pMA 
lGaN/GaNj@t&^?7-yKJl. 17 - • pgG 
aNa^^M. 18 • ■ 19 • • • pffl 

ffiffi. 2 0 - - ■ tfeSlg. 2 3 - • • nfflffiffi. 24 • 
■ ■ TV K-7A 1 G a N/G a Njgftf ? 7 7 FJf. 
25 • • • nIGaNiK 
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